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Fertilizer Tests With Burley Tobacco
With Special Reference to Potash
INTRODUCTION
Relatively few soils in the burley area of Tennessee are capable
of producing satisfactory crops of burley tobacco without the
addition of one or more of the elements essential for plant growth.
In practice, such additions usually are made in the form of com-
mercial fertilizers containing nitrogen, phosphorus, and potassium;
or in farm manures. Many tobacco growers apply both commercial
fertilizers and farm manures to their crops. Soil productivity and
fertilization practices, however, are highly variable from farm to
farm, and crops are often observed that exhibit symptoms of im-
proper fertilization. One of the most frequent observations made
is that insufficient 'potash has been applied in combination with an
excessive amount of nitrogen. When grown with such a practice,
tobacco may produce large yields but at the same time cure to a
low quality product much of which is unsuitable for the manu-
facture of cigarettes. Since the principal use for burley is in ciga-
rettes, and there is little demand for grades of tobacco not
satisfactory for that purpose, it is desirable that the crop be grown
with practices that will produce the highest possible proportion of
cigarette tobacco.
Two burley tobacco fertilization experiments, designated the
Potash Series and the High-Fertilizer Series, were started in 1948
at the Tobacco Experiment Station at Greeneville. The experi-
ments were carried on for five successive years in continuous
culture. While it is generally recognized that it is better to grow
tobacco in long rotation with sod crops than in continuous culture,
there is a certain advantage in using the latter form of culture in
measuring the cumulative effects of fertilizer materials, providing
special problems relating to soil structure deterioration and diseases
can be overcome. This bulletin reports results obtained for yields,
acre values, various quality evaluations, and chemical analyses of
tobacco grown with the different fertilizer treatments in the two
series.
WEATHER CONDITIONS
Weather has tremendous effect upon the growth and subse-
quent utility of tobacco regardless of the fertility status of the
soil or of cultural methods followed in producing the crop. An
abundance of moisture is necessary for carrying on life processes
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within the plant. Furthermore, plant roots absorb fertilizer ma-
terials only in moist soils. During periods of drought, nutrient
absorption and growth of the plant are retarded. On the other
hand, the tobacco plant is much more sensitive to excess moisture
than most other farm crops. Tobacco frequently "drowns out"
when water stands for a relatively short period in the field, while
other crops may show little, if any, ill effects from being exposed
to the same conditions. Even when moisture is not excessive to the
point that "drowning" occurs, too much rainfall may leach certain
fertilizer nutrients from the soil, resulting in low yields of chaffy,
inferior cured leaf.
Tobacco, like other farm crops, makes its best growth when
rainfall is well distributed throughout the growing season. In this
respect, the year of 1950 more nearly approached the ideal than
any other year under consideration. With the frequent showers
that occurred in May, June, July, and August, the 1950 crop experi-
enced practically no interruption in growth and comparatively large
yields of tobacco were realized.
When drought occurs near the middle of the growing season
and is followed by rains as tobacco approaches maturity, a con-
dition of so-called "second growth" obtains which usually results
in poor quality cured leaf although yields may not be seriously
-impaired. The latter type of season was approximated in 1948
when July rainfall was below normal, succeeded by heavy rains in
early August.
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A significant feature of the 1949 season was an extended wet
period in June and July. During the 40-day interval between June
11 and July 20 rain fell on 22 days. It was especially noteworthy
that precipitation was recorded on 12 of the 13 days between
July '7and 19. With this abundance of moisture, tobacco top growth
was rapid but root growth was extremely shallow. Many root tips
could be seen above the soil surface. The latter part of July and
the early days of August constituted a period of little rainfall and
of hot, drying winds. Due to the delicate top growth and the
shallow root system developed under the extended period of
abundant soil moisture, the ensuing hot, dry weather caused the
tobacco to wilt and to begin to lose many of the bottom leaves.
Consequently, it became necessary to harvest the 1949 crop 80 days
after transplanting, or about two to three weeks earlier than
normal.
The growing season of 1951 was classed as fair. Although
tobacco yields were not of the highest, the 1951 crop was of un-
usually high visual quality as will be shown hereafter.
The 1952 season was much too dry to produce a normal to-
bacco crop. There was very little rainfall in June and tobacco grew
very slowly until some fairly heavy rains occurred in early July.
In all its aspects, the 1952 growing season was the least satis-
factory of the years in which the fertilizer tests herein reported
were carried on.
Thus, the five-year period 1948-1952 presented a diversity of
growing conditions varying from the comparatively moist years
of 1949 and 1950 to the dry season of 1952.
Since burley tobacco is air-cured, weather conditions during
the curing season of the late summer and fall months may strongly
influence the final quality of the cured leaf. In this respect, Jeffrey
(6) reported that high quality burley can be cured at temperatures
between 60 and 90 degrees Fahrenheit if the humidity is kept at
65 to 70 per cent. When tobacco is cured too fast the leaf cells are
killed before the pigments break down and disappear due to respira-
tory processes. Tobacco under such conditions takes on a greenish
or mottled appearance which lowers its quality and consequently
its value in the market place. This type of cure is obtained when
the temperature is too high or the humidity too low, or especially
when a combination of these weather conditions is encountered for
an extended period. Of the years considered in this publication, no
damage to tobacco was noted due to accelerated curing.
Prolonged periods of high humidity cause tobacco to cure too
slowly and to produce undesirable dark colors in the cured leaf.
Under extremely wet conditions attacks by microorganisms may
result in greatly damaged or unusable tobacco. Some injury to the
1949 crop was noted due to excessive humidity in the latter half of
August. Excepting this one year when slight damage was in-
curred, favorable curing weather prevailed in all years under con-
sideration.
Rainfall at Greeneville, Tennessee, both for ten-day periods,
and the monthly total, for the growing and curing seasons 1948-
































Table I-Rainfall in Inches at Greeneville for 10-day InterL'als and Monthly
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TOTAL 4.17
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With the exception of practices peculiar to experimental work,
the methods followed in producing tobacco in these tests were
essentially the same as are normally used III the area concerned.
A cover crop of crimson clover was turned under before plant-
ing the 1948, 1949, 1950, and 1951 tobacco crops. Hairy vetch was
substituted for crimson clover in 1952. Due to fertility and
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moisture problems, a good stand of clover was not always obtained
on some of the plots, especially those that received relatively small
amounts of fertilizers. Plots that received barnyard manure usually
had better clover stands than those to which only chemical ferti-
lizers were applied. In the spring of 1950, however, a severe
infection of crown rot killed most of the clover on manured plots
whereas little loss occurred on unmanured areas. A good stand
of vetch was obtained on all plots for turning under in 1952.
Sources and composition of fertilizer materials used are given
in Table 2. For row applications the materials were mixed in the
proper proportions and weighed into individual bags for plot rows.
The fertilizer was placed in the row by hand and stirred with a
shovel plow. Rows were slightly ridged to receive the tobacco
transplants. Materials broadcast were spread by hand and disked
in before marking the rows. Sidedressings were made about three
weeks after transplanting. All nitrogen placed in the row con-
sisted of one-third ammonium nitrate, one-third ammonium sulfate,
and one-third urea. All nitrogen above 30 pounds per acre in the
High Fertilizer Series was sidedressed as ammonium nitrate.
Methods of transplanting varied according to what was feasible
in anyone year. In 1948 and 1952 a tractor-drawn mechanical
transplanter was used. In other years the tobacco was transplanted
either by "pegging in" following a rain or with hand transplanters.
Plants were spaced 15 inches apart in the row with 3.5 feet be-
tween rows. The Kentucky 16 variety was used for both tests.
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Plots of each fertilizer test were arranged in a randomized
block design of four replications. An individual plot consisted of
eight rows 43.75 feet long. The six center rows (less end plants),
or approximately one-fiftieth acre, were harvested for yield and
quality evaluations.
Depending upon the needs of any particular crop, three to five
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cultivations were given. Weeds were removed with a hoe when
necessary.
Plants were topped at a medium height when approximately
20 per cent were in open flower. Suckers were removed as needed,
or about three times per season except in 1949 when the crop
was harvested early and no sucker growth occurred.
After curing, the tobacco was stripped from the stalk and
separated into six farm grades. Each grade of each plot was
weighed to the nearest .01 pound. and an appraisal of each lot of
tobacco was secured from an experienced tobacco grader. Acre
values given by the various fertilizer treatments were calculated
on the basis of average prices paid bv grade on all burley markets
in the individual years considered. Grade index' values were com-
piled on the basis of prices paid for tobacco in the pre-war years
of 1934, 1935, 1937, 1938, and 1939 and are equivalent to price per
pound. Crop index values are equivalent to acre value. They were
obtained by multiplying the grade index by the acre yield. The
percentage of tobacco suitable for smoking purposes was de-
termined for each plot which usually included the first four farm
grades or all flyings (X), lugs (C), and tan leaf (BF) separations.
Twenty plants were selected at random from each plot for
chemical analyses and fire-holding capacity evaluations. Such de-
terminations were made on the three principal smoking grades
which are the bright flyings, lugs, and tan leaf. Chemical analyses
for nicotine, potassium, calcium, and chlorine were made on the
leaf web portions of these three grades according to methods pre·
viously outlined (3). The fire holding capacity was determined as
described by Johnson, et. al. (8) by igniting the center of the leaf
web with an electrically heated nichrome wire loop and recording
the number of seconds the leaf held fire after being withdrawn
from the wire. A maximum of 50 leaves from each grade were used
for testing burning ability, but in some instances a few less than
50 leaves comprised the sample.
The soil area on which these tests were located has been
mapped as being primarily Ooltewah silty clay loam, although it
appears to be somewhat better drained than is typical of the series.
The two tests were planted on adjacent ranges. At the beginning
of the testing period, soil analyses showed the area to be low in
available phosphate, medium in available potash, with a pH of 5.8.
FERTILIZER TREATMENTS
Potash Series
In the Potash Series, potash (K~O) was applied as the sulfate
at rates of 60, 300, and 540 pounds per acre, both with and without
1 Grade index values for all burley grades were compiled by Dr. C. W. Bacon. V.S.D.A .• and
F. R. Wilkinson. V.S.D.A.
10 tons of manure. One treatment received neither potash nor
manure. Muriate of potash was compared with sulfate at the
60-pound rate.
No more than 60 pounds per acre of potash was applied in
the row. With the exception of one treatment, where the major
portion of the potash was sidedressed, all potash in excess of 60
pounds was applied broadcast.
One treatment was included in which a large initial application
of potash, 540 pounds K~O per acre, was made in 1948, followed
by only 60 pounds in each of the succeeding four years. This was
done to ascertain the residual effects of the large amount of
potash applied in the first year of the test.
Many farm soils have a comparatively high total potash con-
tent of which only a small part is available to plants. If some
method could be found to accentuate the release of such potash
to available forms without producing any undesirable effects on
the plant, less potash could be used in the fertilizer. Sulfur, due
to its acidifying affect, may increase the release of native soil
potash. Therefore, a treatment was included that specified an ap-
plication of 555 pounds of sulfur per acre for the first three years
of the experiment.
All treatments received an annual application of 90 pounds
phosphate (P~Or.) per acre as superphosphate.
Thirty pounds of nitrogen was applied to all unmanured treat-
ments. No chemical nitrogen was used with manure since the
latter material at the 10-ton rate should supply enough nitrogen
to produce satisfactory tobacco yields. Also, the leguminous cover
crop could be expected to supply a portion of the nitrogen require-
ments of the crop.
High-Fertilizer Series
In recent years, there has been a tendency among tobacco
growers to over-fertilize their crops, especially with nitrogen. In
this series nitrogen was applied at rates of 60 and 100 pounds per
acre either of which is considered to be too much when a le-
guminous cover crop is turned under. With the 100-pound nitrogen
rate, phosphate was used at rates of 90 and 180 pounds, and
potash at 60 and 300 pounds per acre. One treatment included 10
tons manure in addition to the maximum amounts of nitrogen,
phosphate, and potash.
In some areas where tobacco types other than burley are grown
the inclusion of approximately 20 pounds per acre of chlorine in
the fertilizer is recommended. Although chlorine is not known to
be one of the elements essential for plants, it has been found to
stimulate growth of the tobacco plant when used in small amounts
in some areas. Muriate of potash (K CI) is the standard source
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EXPERIMENTAL RESULTS
of chlorine in tobacco fertilizers where the latter element is desired.
Enough muriate to supply 20 pounds of chlorine per acre was used
in one treatment of this series to determine whether any benefit
could be derived from such a practice in the burley area.
In attempting to evaluate any fertilizer treatment in tobacco
production, the nature of the final product in relation to its suita-
bility for various uses presents a more complex problem than is
true of most other farm crops. Yields of tobacco are comparatively
easy to measure, but the evaluation of quality is not always distinct
or easily determined, although its importance is considered to be
as great as or greater than yield. The demand for burley is primari-
ly for use in cigarettes. Emphasis, therefore, is placed on producing
the highest possible proportion of the best tobacco grades to meet
that demand.
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Effects of FertiJizer Treatments on Tobacco Yields
Yields of tobacco obtained from the fertilizer treatments in
the Potash and High-Fertilizer Series are given in Table 3. It
is notable that yield levels are determined to a large degree by the
weather pattern in any particular year. Comparatively large over-
all yields were obtained in 1948 and 1950 when precipitation came
at appropriate times to make vigorous growth possible. Excessive
rainfall in June and July of 1949 over-stimulated top growth and
caused the development of very shallow root systems. A subse-
quent period of hot, dry winds brought about premature firing of
the bottom leaves, and it became necessary to harvest two to three
weeks earlier than normal. Consequently, yields for the 1949 crop
were comparatively low. Weather conditions in 1951 were such
that fair to good yields were realized. The 1952 growing season
was one of insufficient rainfall in both June and July. Although
rains that came late in the season enabled the tobacco to produce
fair yields, the cured leaf in 1952 was excessively thick and per-
haps the most abnormal and unsatisfactory of any of the 5-year
period.
In the Potash Series, significant increases in yields were ob-
tained by using up to 300 pounds potash per acre without manure.
With 10 tons manure per acre, the increase in yield given by 540
pounds potash was barely significant over that obtained with 60
pounds potash. All manured treatments, however, were markedly
superior to non-manured treatments. Broadcasting and sidedress-
ing a major portion of the potash were about equally effective
practices. Muriate and sulfate of potash gave similar yields, con-
trary to results reported by various investigators (2) (4) (7)
(10) (11) who found that muriate, due to its chlorine content, had
a stimulating effect on the growth of the tobacco plant. The initial
Table 3-Fertilizer Treatments and Acre Yields (jJOunds) of Tobacco Grown










0-90-60 + 10 tons manure
0-90-300 + 10 tons manure
0-90-540 + 10 tons manure


































1949 1950 1951 1952 ave.
----- --------------,_._---_. ----
1101 1574 1203 954 1331
1307 2089 1367 ]281 1582
1442 1925 1548 1488 1663
1448 2007 1578 ]495 1699
1291 1872 1357 1291 1540
1555 2027 1673 1739 1772
1598 2040 1731 1781 1821
1664 1933 1787 1783 1836
1578 2003 1685 1714 1786
1187 1294 1269 1088 1358
1a98 1952 1469 1216 1593
1389 1820 1529 1427 1620
----, ..._---_.'- ----_.------
154 199 106 131 64
207 267 142 174 85
M
S
Mudate (K en used as source of potash.
555 Ibs. sulfur per acre applied in 1948, 1949, and 1950.
PotaRh (K::O) applied at rate of 60 lbs. pel' acre after 1948.













100-180-aOO+ 10 tons manure
60-90-60
2018 1636 2149 1649 1261 1743
2114 1700 2273 1796 1446 1866
1886 1723 2151 1753 1416 1786
2014 1582 2084 1681 1139 1700
2097 1852 2310 2111 1651 2004
1946 1530 2136 1626 1204 1688
----_.' .._---_ .... _--~,,----_._-_. __._--
L.S.D. (.05) 173 137 160 131 148 63
_~.S.I:>._j.01) NS_190_?22_ 182. _ 20_5 84
/1 30-90.f)Oplaced in row. All other phosphate and potash broadcast. Nitrogen sidedressed.
/2 Enough muriate of potash included to supply 20 Ibs. per acre of chlorine.
application of 540 pounds potash to Treatment 11 followed by 60
pounds per year thereafter did not significantly increase the 5-
year average yield over Treatment 2 which received only 60 pounds
potash in each of the 5 years. The effect of additional sulfur in
Treatment 10 was a reduction of the average yield by more than
200 pounds per acre. It was noted throughout the testing period
that tobacco grown with additional sulfur exhibited symptoms of
manganese toxicity. This was brought about by lowering of the
pH of the soil by the sulfur which in turn increased the solubility
of manganese to the point that toxicity occurred. At the end of
the third year of testing the pH of soil receiving sulfur was found
to have been reduced to 4.5 which is considerably more acid than
is desirable for tobacco.
In the High-Fertilizer Series the 5 year average yield given
by 300 pounds potash was significantly greater at the 1 per cent
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level than that given by the 60 pound potash rate. The inclusion
of enough muriate of potash in the fertilizer to supply 20 pounds
chlorine had no beneficial effects on yield. A significant reduction
in average yield resulted from increasing the phosphate from 90
to 180 pounds per acre. In the latter respect, it was noted in some
years that the 180-pound phosphate rate accelerated plant maturity
to the point that slower maturing tobacco apparently made more
efficient use of rains that came late in the growing season. Ten
tons of manure was very effective in improving yield even when
used in addition to large amounts of nitrogen, phosphate, and pot-
ash. There was no significance in any year between yields given by
60 and 100 pounds of nitrogen. Since the leguminous cover crop
supplied considerable nitrogen, it is not likely that this element was
limiting in any of the treatments. Hence, the higher nitrogen
rate was ineffective in improving yield.
Effects of Fertilizer Treatments on Tobacco Quality
No single method of evaluating tobacco quality has been found
to be entirely adequate. Tobacco is appraised by the grader or
buyer primarily according to its physical characteristics. These
characteristics include such considerations as size, color, texture,
body, thickness, elasticity, aroma, and injury of the leaf. That
these physical properties are not always necessarily associated
with taste, burning properties, and chemical attributes of quality
concerning cigarette manufacture is becoming increasingly ap-
parent.
From the agronomic point of view there are several ways in
which tobacco quality can be at least partially evaluated. Most
of such methods, however, are based upon the system of so-called
grades which are, in turn, based upon physical characteristics of
the leaf. Several means of evaluating tobacco quality are presented
in this bulletin. Each of these means has certain limitations, but
each has been found to be useful in some respect.
Perhaps the most common method used in assessing tobacco
quality is market price per 100 pounds. Such calculations were made
for both fertilizer series and are reported in Table 4. Such figures
indicate a current account of the market value of tobacco, but
owing to fluctuations in prices paid and in Government supports,
they are not strictly comparable from year to year. The market
value of a specified grade in anyone year may not be the same
in relation to values of other grades in other years, although its
suitability for manufacturing purposes would not necessarily
change.
Another method that has merit in computing tobacco quality
is the so-called grade index system. This system, as used in com-
piling values given in Table 5, is based on relative prices paid for
different grades of burley in the years 1934, 1935, 1937, 1938, and
1939. Once computed for a particular marketing period, the value
of an individual grade never changes. There is a distinct advantage
in being able to compare directly the quality of tobacco grown in
different years with this method, but it has the weakness of be-
coming outdated as production methods and usage habits change.
Sincegrade index values as used here were compiled under a free
marketing system they should represent a more accurate picture
of relative tobacco quality differences than current price levels
whichare modified to some extent by Government price guarantees.
As indicated in Tables 4 and 5, the overall quality of tobacco
produced in both fertilizer series was markedly influenced by ferti-
lizer treatment regardless of which of the two methods of quality
evaluation was used for comparison. Considering five-year aver-
ages for the Potash Series, there were highly significant improve-
ments in value per 100 pounds and in grade index by using up to
Table 4-Fertilizer Treatments and Value (Dollars) per 100 Pounds of To-









0-90-60 + 10 tons manure
0-90-300 + 10 tons manure
0-90-540 + 10 tons manure


































1949 1950 1951 1952 ave.
---"------ _ ..-_"---
40.43 42.78 48.79 41.73 41.98
45.69 56.82 60.74 51.53 51.47
48.12 59.59 63.75 58.74 55.77
48.54 60.22 64.88 56.59 55.72
44.82 52.25 60.10 48.47 50.01
51.49 59.99 65.68 57.45 56.80
51.85 60.17 65.34 54.68 56.63
50.31 57.90 65.66 54.38 55.85
49.07 59.37 65.27 55.11 55.37
41.10 41.70 59.07 51.06 46.27
50.46 57.52 61.93 54.64 55.01
49.21 58.71 64.09 56.52 55.18
---,,---'------' --~._.-_._~_._-_ ..--
2.30 2.85 1.09 3.54 1.18
3.09 3.83 1.47 4.76 1.56
M Muriate (K el) used as source of potash.
S 555 lbs. sulfur per acre applied in 1948, 1949. and 1950.
Potash (K,Q) applied at rate of 60 lb•. per acre after 1948.












100-180-300 + 10 tons manure
60-90-60
High.Fertilizer Series /1
46.63 48.66 55.18 58.47 48.13 51.41
47.89 51.28 59.71 63.42 53.16 55.09
48.58 53.90 60.57 63.65 53.56 56.05
45.41 47.56 55.36 58.17 45.91 50.48
49.82 53.66 60.92 65.16 51.44 56.20
45.45 47.85 56.03 59.46 49.15 51.59
--_ ..-.-._~ ... -.. -_.---_.--
L.S.D. (.05) 3.79 1.30 2.53 1.51 5.18 1.33
~_._ .._ .. __ .. ...I--.~.!)._i-Ql) ...J'l'S 1&0 ... 3.51__ 2'0_9 .~~S~ .. 1_.78
/1 30-90-60 placed in row. AII other phosphate and potash broadcast. Nitrogen sidedressed.
/2 F.inough muriate of potash included to supply 20 lbs. pel' acre of chlorinp.
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Table 5-Fertilizer Treatments and Grade Index Values of Tobacco Grown
in Fertilizer Tests 1948-1952.
Potash Series
Trot. Pounds per acre 5-yr.
No. N-P205-K,O 1948 1949 1950 1951 1952 ave.
--._--,-,--------------- ------------- -------- ---
I 30-90-0 .345 .386 .360 .351 .335 .355
2 30-90-60 .450 .528 .627 .597 .495 .539
3 30-90-300 .561 .584 .724 .719 .634 .644
4 30-90-540 .539 .597 .742 .777 .606 .652
5 30-90-60 M .470 .489 .539 .579 .458 .507
6 0-90-60 + 10 tons manure .593 .660 .750 .838 .669 .702
7 0-90-300 + 10 tons manure .616 .659 .759 .823 .619 .695
8 0-90-540 + 10 tons manure .648 .624 .691 .828 .589 .676
9 0-90-60 M + 10 tons manure .561 .597 .736 .806 .586 .657
10 30-90-60 S .375 .380 .343 .550 .459 .421
11 30-90-540* .615 .601 .650 .645 .542 .611
12 30-90-300** .525 .601 .686 .738 .614 .633
------ ------ -------
L.S.D. (.05) .061 .045 .080 .042 .063 .026
L.S.D. (.01) .082 .060 .106 .056 .084 .035
M Muriate (K el) used as source of potash.
S 555 lbs. sulfur per acre applied in 1948, 1949, and 1950.









100-90-60 .529 .603 .609 .587 .415 .549
100-90-300 .590 .682 .788 .794 .562 .683
100-180-300 .598 .742 .817 .771 .571 .700
100-90-60 /2 .518 .569 .630 .597 .394 .542
100-180-300 + 10 tons manure .641 .734 .809 .845 .542 .714
60-90-60 .523 .588 .674 .632 .443 .572
-- ----------------- ------ ------- --_._-
L.S.D. (.05) .090 .058 .077 .064 .072 .030
L.S.D. J.g~)___ NS .080 .106 .088 .100 .040- ----_._-~_._--- ---------------------
/1 30-90-60 placed in row. All other phosphate and potash broadcast. Nitrogen ~>idedl'essed.
/2 Enough muriate of potash included to supply 20 Ibs. per acre of chlorine.
300 pounds potash without manure. With manure, however, no
beneficial response was obtained by using more than 60 pounds
of potash. On the contrary, the quality of tobacco, as measured
by the two described methods, tended to become less desirable as
increasing amounts of potash were applied in addition to manure.
A possible explanation of the latter observation is that in some of
the years tobacco that received both large amounts of potash
and manure failed to ripen properly. Inasmuch as it is not always
easy to judge the optimum stage of ripeness for harvesting, it
seems probable that the later maturing treatments were penalized
to some extent by harvesting them a little too soon. Generally
speaking, however, the quality of tobacco grown with all manured
treatments was relatively high.
Slightly higher average quality values were obtained where
a major portion of the 300-pound potash rate was applied broad-
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cast (Tmt. 3) as compared with sidedressing (Tmt. 12), but such
differences were not significant. The initial application of 540
pounds potash to Treatment 11, followed by 60 pounds in each of
the succeeding four years, was effective in maintaining better
quality tobacco throughout the five-year period than was given
by Treatment 2 which received only 60 pounds potash annually. It
may be recalled here that the residual action of this large amount
of potash applied at the beginning of the testing period had no
beneficial effect on yield.
Considering five-year averages, muriate of potash brought
about a significant reduction in both value per 100 pounds and
grade index when used with or without manure. Since muriate
is high in chlorine, these results are not surprising in light of
various reports by other investigators (2) (10) who found ex-
cessive chlorine to be injurious to tobacco quality.
Similar to its effects in reducing yield, sulfur applied to Treat-
ment 10 was very damaging to the quality of tobacco when
measured either by value per 100 pounds or by grade index.
Considering the High-Fertilizer Series, 300 pounds potash
produced tobacco of much better quality than 60 pounds. The in-
clusion of enough muriate to supply 20 pounds chlorine was not
beneficial. Ten tons manure per acre, in addition to the maximum
amounts of commercial fertilizers used, gave the highest quality
evaluations made in this series. Slightly higher grade index and
value per 100-pound figures were given by 180 pounds phosphate
as compared with 90 pounds, but these differences were not sig-
nificant. Sixty and 100 pounds nitrogen were about equally effec-
tive, although the tendency was toward better quality tobacco
at the lower nitrogen rate.
There is comparatively little demand for burley tobacco not
suitable for the manufacture of cigarettes, and much emphasis
is therefore placed upon obtaining a high proportion of the crop
that can be used for that purpose. It is generally understood that
the principal burley grades useful for cigarettes come from the
lower and middle portions of the plant. These grades are commonly
referred to as flyings (X), lugs or cutters (C), and bright or tan
leaf (BF). The proportion of these desirable smoking grades in
relation to the total yield can be modified greatly by fertilizer treat-
ment. Tables 6 and 7, respectively, list the percentages and yields
of smoking grades produced by the two fertilizer series.
Generally speaking, the effects of fertilizer treatments on the
production of smoking tobacco grades exhibited the same trends
as for value per 100 pounds and grade index. In the Potash
Series, significant improvements were made in the percentage and
yield of smoking grades by using up to 300 pounds potash without
manure. When applied with 10 tons manure, however, there were
no significant differences given in the percentages and yields of
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smoking grades between any of the potash rates. The percentages
of smoking grades obtained in the manured treatments were about
equal to those given by the higher rates of potash without manure.
Due primarily to the higher total yields of the manured treatments,
the yields of smoking grades obtained with the latter treatments
were a little higher than for the better unmanured treatments,
although not always significantly so.
The application of 540 pounds potash to Treatment 11 in the
first year of the Potash Series was apparently beneficial to the
extent that the five-year averages for this treatment show it to
be significantly superior to Treatment 2 in both percentage and
yield of smoking grades.
Although the trend is strongly in favor of the sulfate, dif-
ferences between the latter potash source and muriate in affect-
ing the distribution and yield of smoking grades were not
significant either in the presence or absence of manure.
Table 6-Fertilizer Treatments and Per Cent Smoking Grades (Flyings, Lugs,
Bright Leaf) of Tobacco Grown in Fertilizer Tests 1948-1952.
Potash Series
Tmt. Pounds per acre 5·yr.
No. N·P,05·K,O 1948 1949 1950 1951 1952 ave.
-"-----"-_. __._-----------"---------._-----------
1 aO-90-0 48.2 59.9 60.7 a8.9 40.9 49.7
2 aO-90-60 56.1 6a.9 79.4 89.1 56.a 69.0
3 30-90-300 G7.9 69.3 81.0 95.7 62.5 75.3
4 30-90-540 G9.8 72.5 82.3 96.8 G5.0 77.3
5 30-90-60 M GG.3 63.4 68.0 88.9 43.5 66.0
G 0-90-60 + 10 tons manure 68.6 72.1 80.5 97.0 58.3 75.3
7 0-90-300 + 10 tons manure 75.0 75.4 79.8 96.7 56.6 76.7
8 0-90-540 + 10 tons manure 74.0 74.2 77.1 99.2 55.3 76.0
9 0-90-60 M + 10 tons manure 68.4 70.1 77.5 97.2 55.9 73.8
10 30-90-60 S 55.3 60.8 55.4 86.0 59.1 6a.3
11 30-90-540* 70.7 74.7 79.8 93.2 57.6 75.2
12 30-90-300** 70.1 77.3 79.0 95.0 53.4 75.0----_ ..,--"_.~--,-~---_._._._-~._------_. - ---_ ..'._----'---._--
L.S.D. (.05) 8.8 8.6 4.4 4.5 14.4 3.9
________ L.S.D. (.0!_) !1.8__ 1!:5_5.9 6.1 19.~_ 5.1
••
Muriate (K en used as source of potash.
555 Ibs. sulfur per acre applied in 1948, 1949. and 1950.
Potash (K,O) applied at rate of 60 lbs" per acre after 1948"





G9.5 65.7 75.4 73.0 46.9 66.1
69.5 70.7 82.8 81.9 51.1 71.2
67.5 76.7 84.0 85.2 51.7 73.0
G7.5 64.0 75.1 64.4 39.0 62.0
63.G 81.0 87.1 89.5 36.1 71.5
66.9 65.3 74.9 7G.3 54.0 67.5
-"-------,--- ....._-" "-"-----,----
L.S.D. (.05) NS 7.2 5.1 7.4 NS 5.2











100-180-300 + 10 tons manure
60-90-60
/1 30-90-60 placed in row. All other phosphate and potash broadcast. Nitrogen sidedressed.
/2 Enough muriate of potash included to supply 20 Ibs. per acre of chlorine.
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Table 7-Fertilizer Treatments and Yield (Pounds) Per Acre of Smoking

























0-90-60 + 10 tons manure
0-90-300 + 10 tons manure
0-90-540 + 10 tons manure







1948 1949 1950 1951 1952 ave... ----_._=-=-:-'---=:.:...::.=--~
878 658 952 465 392
1055 833 1663 1219 729
1299 998 1558 1481 936
1375 1051 1652 1528 981
1251 818 1274 1206 561
1281 1120 1633 1623 1016
1467 1203 1629 1673 1013
1486 1235 1495 1773 984
1333 1106 1553 1637 957
1078 725 715 1097 644
1361 1039 1558 1369 693
1358 1071 1440 1453 768
-----_ ..._---_ .._--
206 149 195 122 239















M Muriate (K Cn w:~edas source of potash.
S 555 lbs. sulfur per acre applied in 194R, 1949, and 1950.
Potash (K"O) applied at rate of 60 lbs. per acre after 1948.



















































/1 :J0-90-60 placed in row. All other phosphate and potash broadcast. Nitrogen sidedressed.
/2 Enough muriate of potash inclurled to supply 20 Ibs. per acre of chlorine.
As was found true in other comparisons made, the additipn
of 555 pounds of sulfur to Treatment 10 in the first three years
of the testing period brought about a highly significant reduction
in desirable tobacco characteristics. Both percentage and yield
of smoking grades were reduced upon the addition of sulfur when
compared with the otherwise identical Treatment 2.
In the High-Fertilizer Series the 300-pound potash rate gave
substantial improvement over the 60-pound rate in producing smok-
ing quality tobacco. Twenty pounds chlorine tended to decrease
the percentage and yield of smoking grades but not to the point
of significance. Similar results were obtained with 90 and 100
pounds phosphate. Manure was responsible for producing a sig-
nificantly greater yield of smoking tobacco, yet the percentage of
such tobacco was no greater for the manured treatment than for
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other treatments receiving 300 pounds potash. Sixty and 100
pounds nitrogen gave about equal results.
CHEMICAL ANALYSES
Nicotine
Nicotine is the principal alkaloid in tobacco that produces
physiological effects upon the consumer, and the determination of
the level of this compound in the cured leaf is one of the important
assays usually made. Nicotine percentages of the leaf web portions
of the three principal smoking grades are given for the Potash and
High-Fertilizer Series respectively, in Tables 8 and 9.
Although potash fertilization is not usually considered to af-
fect directly the nicotine content of tobacco, it is apparent in the
Potash Series that the nicotine percentage tended to be lower when
the crop was grown with the higher potash rates. This was es-
pecially true where no manure was applied. Such an indirect
effect is ordinarily explained as one of dilution inasmuch as to-
bacco grown with sufficient potash is larger and yields more than
that grown at inadequate potash levels.
The most outstanding differences in nicotine percentages pre-
sented here are due to season rather than to fertilization. For
example, if the results for the excessively wet year of 1949 are
compared with dryer years, it is apparent that the nicotine content
of tobacco was much lower in the wet season. In the latter re-
spect McMurtrey, et al. (9) reported that irrigated tobacco con-
tained less nicotine than that grown under dry conditions. One
other factor that might enter into the explanation for the low
nicotine tobacco of 1949 is that of immaturity. Heggestad and
Bowman (5) found that burley tobacco increases in nicotine with
the advance of maturity. It may be recalled here that, due to
weather factors, the 1949 crop was harvested two to three weeks
earlier than normal while definitely on the immature side. The
especially high nicotine content of the 1948 crop can be attributed
at least partially to the large amount of nitrogen supplied by the
unusually large growth of crimson clover turned under that year.
Nicotine is a nitrogen compound and it is well known that this
constituent generally increases in a somewhat direct proportion to
the nitrogen available to the tobacco plant. With the possible ex-
ception of the 1949 crop, all nicotine results reported for the
Potash Series are considered to be too high to be the most desirable
for use in cigarettes. This, however, is the situation that generally
obtains when tobacco is grown in continuous culture with a legumi-
nous winter annual cover crop turned under each year.
Tobacco from all treatments in the High-Fertilizer Series was
abnormally high in nicotine with relatively little difference be-
tween any of the treatment five-year averages. The large amount
of chemical nitrogen used in this series, with a leguminous cover
Table 8-Per Cent Nicotine of the Flyings (X), Lugs (C), and Tan Leaf
(BF) Grades of Tobacco Grown in Potash Series 1948-1952"-.
2
5-yr.
Grade 1948 1949 1950 1951 1952 ave.
--------- ---------,---
X 4.58 2.32 3.56 3.50 3.49 3.49
C 4.84 3.04 4.43 4.07 4.10 4.10
B 4.92 3.13 5.39 4.44 4.15 4.41
--- ------------------
____~verage 4.78 2.83 4.46 4.00 3.91 4.00
30-90-60 X 4.97 2.14 3.30 3.65 3.83 3.58
C 5.26 2.71 4.42 4.39 4.50 4.26
B 5.61 3.01 5.32 4.57 4.82 4.67
-Average 5.29 2.62 4.35 4.20 4.38 4.17
- X 4.52 1.20 2.92 3.08 3T6- 2.98
C 5.05 1.81 4.17 4.10 4.45 3.92
B 5.28 2.10 4.88 4.12 4.69 4.21
Average 4.95 1.70 3.99 3.77--.r.-10-s:70
:1O-90-540- - X --4.17 1.23 2.91 2.89 3.72 2.98
C 4.81 1.88 4.15 3.94 4.56 3.87
B 5.23 2.49 4.80 4.12 4.84 4.30
__ Av~age 4.74 1.87 3.95 3.65 4.37 3.72
;10-90-60M X 4.77 2.06 3.72 3.65 3.51 3.54
C 5.08 2.60 4.65 4.52 4.44 4.26
B 5.15 2.77 4.60 4.45 4.55 4.30
Average 5--:00-2.48 - 4.32 -4:2r--IT7 4.04
0-90-60 ---X --,CiS-1.18 3.30 3.41 3.52 3.18
10 T. Manure C 5.25 1.85 4.38 4.53 4.81 4.16
B 5.58 2.78 5.48 4.74 5.02 4.72
_;\~erage ---5:iO----l~9,f-4.39 -----.r.23------:r.45~
0-90-300 X 4.38 1.19 2.84 3.23 3.65 3.06
10 T. Manure C 5.08 1.90 4.13 4.22 4.72 4.01
B 5.44 2.64 5.00 4.46 4.89 4.49
Average-,Gl7---iJl1--3.99 3.97 4.42 3.85
0-90-540 ----oX ---4.55 1.02 3.09 3.02 3.46---.r.D3
10 T. Manure C 5.49 1.87 4.09 4.41 4.26 4.02
B 5.91 2.78 5.39 4.56 4.68 4.66
-----
Average 5.32 1.89 4.19 4.00 4.13 3.91
-O~90-60-M---- X. - 4.59 1.30 2.82 3.26 3.69 3.13
10 T. Manure C 5.08 1.96 4.03 4.32 4.86 4.05
B 5.14 2.66 5.34 4.45 4.97 4.51
----- ---- --- -- ,_._-_ .. ---------------
_Av~rage 4.94 1.97 4.06 4.01_ 4.51__-.?90
:1O-90-60S X 4.79 2.04 3.48 3.00 3.89 3.44
C 5.02 2.68 4.69 4.10 4.56 4.21
B 5.40 3.12 5.46 4.34 4.72 4.61
Average 5.07 2.61 4.5r 3.81------.I,"a9""T08
:1O-9()-=-540**--x. 4.26 1.46 3.47 2.99 3.70 3.18
C 4.85 2.06 4.37 4.02 4.61 3.98
B 5.17 2.38 5.21 4.04 4.72 4.30
Avera&,e 4.76 1.97 4.35 3.68 4.34 3.82
:30-90-300*** X 4.68 1.38 3.40 3.03 3.43 3.19
C 5.20 1.98 3.79 4.08 4.58 3.93
B 5.25 2.44 4.95 4.17 4.73 4.31



















Averages of 4 replications.
Potash (K"O) applied at rate of 60 pound~ per acre after 1~48.
240 lbs. p~r acre K
2
0 applied annually as sidedressing.
M Muriate (K Cl) used as source of potash.
S 5fi5 Ibs. pet' acre sulfulo applied in 194H, 194~), und HHiO.
21
22
Table 9-Per Cent Nicotine of the Flyings (X), Lugs (C), and Tan Leaf







Grade 1948 1949 1950 1951 1952 ave.
X 5.09-~2:58 ~~4.05 -3.87--3.79--3.88
C 6.10 3.86 5.31 4.87 4.16 4.86
B 6.40 4.60 6.44 4.90 4.66 5.40
Average---5:86 ~ 3.68 -~5.27--4~55--4.20~·{7I
-100-90~300~X-~---5~3() 2.22- -3.78--3.-ss-3.65-3~71
C 6.60 3.61 5.08 4.82 4.62 4.95
B 7.16 4.49 7.01 5.22 4.82 5.74
Average 6.35 3.42 5.29--~ 4.54-~ 4.36-~-4.79
100-180-300--X -- 5.12 1.83 3.22-~46--T86-:l:5iJ
C 6.52 3.26 4.88 4.76 4.85 4.85
B 7.04 4.41 6.46 5.14 5.32 5.67
Average - --6-:2-3-:fiT 4~85-4.~- 4.68-- 4.68
4~-----Ioo~-96:6o** X 5.45--2:58- 3.86- 4.07 -3.61-3.91
C 6.66 3.78 4.98 5.25 4.48 5.03
B 7.02 4.51 6.23 5.26 5.13 5.63
-----cc~c_=c-=-c-.; Average--- 6.38-- 3.62 -5Jj2-4~~4~~4_:_86
100-180-300--J(-5-:221:95-3.47 3.35-3-:-76 3.55
10 T. Manure C 6.50 3.31 4.74 4.96 4.73 4.85
B 7.09 4.96 6.80 5.48 4.83 5.83
-1\verage--lf.2;f--3~4i------s.00 -- 4~ 4.44 - 4.74
60-9·-;;-0·-;;:6-;0-0-- X--- ~-2.29-- -4.01-3:-88-3:86 - 3:78
C 6.23 3.21 5.07 4.65 4.44 4.72
B 6.48 3.78 6.08 4.80 4.73 5.17






Average of 4 replications.
** Enough muriate of potash applied to supply 20 Ibs. pel' acre chlorine.
crop each year, together supplied an overabundance of nitrogen
which raised the nicotine content of the tobacco to a very high
level. Although such tobacco may appear to be exceedingly profit-
able from the standpoint of acre value, its high nicotine content
to some measure reduces its desirability and its demand for use
in cigarette manufacture.
Potash
An abundance of available soil potash is considered to be one
of the prime requisites in the production of high quality burley
tobacco. The tobacco plant will absorb considerable amounts of
this nutrient if large quantities are present and if soil moisture is
sufficient. Inasmuch as potash is the main fertilizer variable in
the tests considered, the three principal smoking grades were ana-
lyzed to determine the relative potash uptake of tobacco grown
at the different fertility levels represented. Percentages of pot-
ash in the smoking grades are represented in Table 10 for the
Potash Series and in Table 11 for the High-Fertilizer Series.
Considering data for the Potash Series, it is evident that the
Table 10-Per Cent Potash (K;!O) of the Flyings (X), Lugs (C), and Tan
Leaf (BF) Grades of Tobacco Grown in the Potash Series 1943-
1952".
Trot. Pounds per acre 5-yr.
No. N-P20,,-K20 Grade 1948 1949 1950 1951 1952 ave.-1--- ------30~96~6------ --x ---Q52--f.m:--1-:-i§---T32-1.23-------ul5
C 0.53 1.28 1.54 1.71 1.61 1.33
B 0.57 1.35 1.38 1.56 1.28 1.23
. -Average-----0~l:21-1~-lJi3-1.37 1.20
-2----- --30.:96-=60------ X 0.77 2.42 3.50 2.30 2.38 2.27
C 0.77 2.43 3.24 2.19 2.41 2.21
B 0.77 2.40 2.90 2.20 2.17 2.09
Average ----0.77-·- 2-:42--3.2C-2.2S----2.32 2.19
:~0-90-=300---- X -1~58-5-:9:35.42 5.28 5.67 4.78
C 1.58 5.71 4.69 4.82 5.05 4.37
B 1.55 5.15 3.95 4.44 4.55 3.93
Average i~5-7--~60 - -4-:69-4~85~-5.l0~
-4---- -- --30~0.:540- -- -- X----2:00 7.20 6.05 6.65 6.95 5.77
C 1.98 6.77 5.04 5.83 5.78 5.08
B 1.86 6.06 4.18 5.40 5.66 4.63
Average 1.956.68---5:09- -5.9lr--6}g-516
T---- ----:~O:90:60-M--- X 0.91 2.63 2.02 2.05 2.36 1.99
C 0.89 2.56 2.18 2.04 2.47 2.03
B 0.88 2.48 2.41 2.07 2.50 2.07
Average 0.89-- 2.56-2.~r6--T05---2.44 2.03
0--§6~6o---- X----l.76-'fi5-5~5Jl45~5.15·
10 T. Manure C 1.81 6.51 4.78 5.02 5.06 4.64
B 1.85 5.77 3.47 3.98 4.82 3.98
Ave-rag-e- 1.81 - 6:48--4-:-56-4:88-5.22-4:.59
7---- ---- -0-90:::300---- --X---- 2.19--8:43-6.28 6.50 -·~6.03
10 T. Manure C 2.19 6.81 5.46 5.42 5.84 5.14
B 2.07 6.06 4.89 5.29 5.52 4.77
Average 2.15 --iT6-- 5.54- 5.7T -.6.17---5.3i
-8---- --- - O~90:540-- - - - - X----2.51-S:S4-5.65---r.-6f-----rr.5g- 6.32
10 T. Manure C 2.41 7.82 5.18 5.85 6.41 5.53
B 2.23 6.61 3.91 5.40 5.64 4.76
Average 2.38 -"C7~§1 6:09- 6~-5.54
--O~go':-60-l\f-- X---l]5--6.77-5.46 5.64 5.85 5.07
10 T. Manure C 1.51 6.32 5.29 4.94 4.62 4.54
B 1.58 5.76 3.99 4.62 4.48 4.09
Average 1.58 6.28 ---4.9T5~07--·--4.99--4.57
10-------30~90~60-S ..- - - X--l.i9--3.:f7-2Bg-- 3.05-- 3.81 2.8P
C 1.15 3.06 2.71 2.99 3.40 ? "
B 1.09 3.82 2.50 2.72 3.02 .•d6
Average-----1-:14 :~.45--2!70 - 2.92--3A~ ._~.63
U------- - 30-96:540**-- x.----2::2i---5.72---3.88--U4-" .L 2.72
C 2.06 5.56 3.55 3.23 .0::.83 3.62
B 1.93 4.82 3.49 3.2" 2.71 3.42
Average 2.07 5.37:r.-64--~ _~ 2.61 3.21
12---- - :lO:::90-3CJO-"'**--X- -U9-5.56 4.82 ~!lP 2.72 3.42
C 1.22 5.69 4.6~ 5.28 5.84 4.54
B 1.25 5.18 'J " 4.87 5.37 4.36
-Xverage---L22-5.48- ,,95 4.56 5.54 4.10
• Average; of -4-replie;'ti;;-nK. - -.----- -- -- -- --- -- 4.47 4.90_.__~.fj_9 4.-33
Potash (K20 I applied at rate of 60 pounds per ae'.c after 1948.
*** 240 lbs. pel' acre K20 applied annually a~ sidecl .J"{>ssing
M Muriate (K CI) used as potash source. .





potash content of tobacco was strikingly increased by the applica-
tion of relatively large amounts of potash fertilizer. When grown
without manure, differences in leaf potash content varied approxi-
mately according to the level of potash fertilization. When manure
was applied, however, all leaf potash contents were high, although
the tendency remained to increase the potash uptake of the plant
in accordance with the amount of fertilizer potash used. It is
obvious, therefore, that manure itself was very effective in en-
suring a high potash content in the leaf.
As far as providing a supply of potash to the plant is con-
cerned, the data of Table 10 suggest that it makes little difference
whether the potash is broadcast or sidedressed, or whether it is
in sulfate or muriate form.
Although it may be recalled that the 540-pound application
of potash to Treatment 11 had little residual effect on yield, to-
bacco of this treatment was consistently higher III potash than
Treatment 2 throughout the testing period. This further strength-
ens the concept that the use of potash on tobacco produces benefits
above and beyond any resulting increases III yield.
Table II-Per Cent Potash (K:!O) of the Flyings (X), Lugs (C), and Tan
Leaf (BF) Grades of Tobacco Grown in the High-Fertilizer Series
1948-1952 ':'.
Pounds per acre 5·yr.
N·P20,·K20 Grade 1948 1949 1950 1951 1952 ave.---=~~o~~----==-c .~--~- ---~--~-;c-
100-90-60 X 0.83 2.07 1.83 1.79 2.72 1.85
C 0.82 2.05 1.88 1.81 2.54 1.82
B 0.84 1.81 1.58 1.79 2.36 1.68
~-- ~-------
_~ ~_=-=-::-::-_A_v_e-cr~age0.83 1.98-_1.1.6 __ 1.80 2Ji_4__J:7~
100-90-300 X 1.61 3.47 4.00 4.25 5.71 3.81
C 1.54 3.23 3.95 3.64 4.99 3.47
B 1.54 2.77 3.08 3.25 4.64 3.06
~~~---=-.Ac:c-v-,--e=-=rage_1.56 3.16__ ~ 3771 ~.ll.- 3.45
100-180-300 X 1.81 5.22 4.95 4.87 5.88 4.55
C 1.78 4.87 4.29 3.36 5.25 3.91
B 1.69 4.05 3.37 3.89 4.87 3.57
Avera.ge--1.1(L==~4..7.I.:--4:2() 4.04 5:34--Tol
1C:-00c-_-;C9C:-0_--o6c;oOc;c*c.:-*------c;X 0.77 2.16 1.81 1.71 2.71 1.83
C 0.84 2.07 1.84 1.73 2.52 1.80
B 0.86 1.95 1.54 1.81 2.66 1.76
Average -0.82-2-:-06 1.73 1:78---2.63 1.80
--1O()-=-180-300--X ~~-~9--7.14 5.47 6.07 6.83 5.54
10 T. Manure C 2.12 5.81 5.07 5.12 6.06 4.84
B 2.00 4.99 3.54 4.53 5.94 4.20
- - - --_._---_ .._---
~c;;_-~.Y~rag~_~ __5.98 4.69 5.24 6.28 4.86
--~----~---6-0--90 -60 X 0.95 2.30 2.00 1.98 2.69 1.98
6 - - C 0.90 2.12 2.04 2.01 2.70 1.95







---Ave .•.~es of 4 replications.
li';no~gh muriate of potash appliel-,' to supply 20 Ibs. pel' acre chlorine.
An effect of sulfur was an increase in leaf potash content in
four of the five years. But in light of its damaging effects on
yield and other attributes of quality, this augmentation of potash
uptake was of doubtful value.
In the High-Fertilizer Series the potash content of the three
principal smoking grades was approximately twice as high where
300 pounds potash was applied as where 60 pounds was used.
The more balanced nutrient condition that obtained where 180
pounds phosphate (P:!O,,) was applied was evidently responsible
indirectly for increasing potash uptake by the plant as compared
with the 90-pound phosphate rate. Manure enhanced the leaf pot-
ash content as it did in the Potash Series. Where 60 pounds nitro-
gen was used the potash percentage of the leaf was slightly
greater in each of the five years than where 100 pounds nitrogen
was added.
Calcium
Desirable responses in growth and quality of tobacco are not
usually obtained from applications of lime unless the soil is of
strongly acid reaction. Even though the soil be acid in reaction
and the potash level high, the calcium (lime) content of the to-
bacco plant is often as great as or greater than the potash content.
The three principal cations occurring in tobacco are potassium,
calcium, and magnesium. As is true of many other plants, the
total cation content of the tobacco plant, expressed as mill i-
equivalents per 100 grams, tends to remain constant regardless of
variations in individual cations. When any of these cations are ab-
sorbed by the tobacco plant in above-essential amounts, expressed
as milliequivalents per 100 grams, one or both of the other two
cations are absorbed in correspondingly lesser amounts. Magnesi-
um percentages of tobacco grown in these tests are not available.
Percentages of calcium as the oxide are reported for the Potash
Series in Table 12 and for the the High-Fertilizer Series in Table
13.
It should be sufficient to point out here that in both fertilizer
series, generally speaking, the calcium content of the cured leaf
varied somewhat inversely with the potash content. As plants ab-
sorbed more potash at the higher potash fertility rates they tended
to absorb less calcium and vise versa. Since a high potash content
of the tobacco leaf is a symbol of quality, it seems reasonable,
therefore, that in order to facilitate the most efficient absorption
of abundant amounts of potash by the tobacco plant, other com-
peting cations in the soil should be maintained somewhere near
their minimum essential levels.
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Table 12-Per Cent Calcium Oxide (CaO) of the Flyings (X), Lugs (C), and
Tan Leaf (BF) Grades of Tobacco Grown in Potash Series 1948-
1952 ':'.
Tmt. Pounds per acre 5-yr.
No. N-PzO,·K,O Grade 1948 1949 1950 1951 1952 ave.
1~--'-30-90-0-'---~-X -.-. 8.79-9J3i----s:73- 7.51 -7JJ6-8A6
C 8.48 9.08 8.48 6.63 6.70 7.87
B 7.72 8.52 7.95 5.99 7.98 7.63
. . Average-s:33-sJJ7 -8.39-6:7~54'r99
2 30-90-60 X 8.49 8.9S----;r,-7~7:OS_7~ 7.96
c 8.47 8.42 7.60 6.54 7.35 7.68
B 7.61 7.98 7.19 5.78 7.16 7.14
Avenige- -8.19-8.46-7-:50 '-6:46-7:36-7."59
:l------- 30-90-300----X·-7:gg-- 7.79 6.55 5.74 6.23 6.85
C 7.58 7.19 6.72 5.04 6.02 6.51
B 6.96 6.87 6.24 4.52 6.06 6.13
Average- -7.50 - 7.28-6:!5O-I5-.-ro-(f.1o-6."50
4---- ----:lO-90-540---X---7.3(f 7.29 6.54 5.34 5.81 6.47
C 7.28 6.93 6.46 4.76 5.78 6.24
B 6.77 6.10 6.07 4.21 5.46 5.72
-Average---7]:4--6:77- -6.36-4.77'--5:68-6.14
-30-=-90-60M---X-- 8~56--9.42·-----s.4~4-7.65 -s.SO
c 8.86 8.82 8.37 6.51 7.46 8.00
B 8.13 8.28 7.58 6.00 7.51 7.50
Average .--8.52 -- 8.84-- 8}3 '6:65-7-:54---.r:93
0-90-60---------x--S:OO~8~0()"·([83 --5.85 - 6.35 7.01
10 T. Manure C 7.72 6.97 6.48 5.09 6.30 6.51
B 7.00 6.12 7.05 4.66 6.04 6.17
' .________-.A."ei:ag'Il_='i·57-'f.03- 6.79-5.20T23~- 6.56
0-90-300 X 7.40 7.16-6~~23-5.53~
10 T. Manure C 7.11 6.69 6.58 4.97 5.85 6.24
B 6.48 5.88 6.18 4.37 5.70 5.72-Average -- 7.00 6.58 --6.4i----- 4.86 ----5.70"" 6.11
-8------0~90..-540·-X- --7M----r.3-2 -6~15:29- 5.42-6.46
10 T. Manure C 7.18 6.76 6.74 4.80 5.50 6.20
B 6.58 6.13 6.63 4.37 5.58 5.86
....b,\Terage__7.~tJ2..._.J3..1_4_6.I3.=_4.82. 5.50 6.17
0-90-60M X 8.05 7.64 6.94 5.88 6.56 7.01
10 T. Manure C 7.75 7.05 6.80 5.34 6.17 6.62
B 6.86 6.26 6.37 4.67 6.13 6.06
A,,~rag'lJ- 7.55-- 6.98 6.70 -5~30 6.2"8-'([56
X--S:OO-· 8.93--7.72--7.44 7.33--7:88
C 7.78 8.79 8.19 7.18 8.31 8.05
B 7.15 8.37 7.29 6.96 7.16 7.39
Average -7~6r 8:70--7.73- 7~I-9-7]:4 --7.77
11------ 30-90-540**- -X ----'7.22-7 -:60-- 7.25-([52'f.21-u6
C 7.16 7.00 7.28 5.81 7.19 6.89
B 6.35 6.73 6.90 5.39 6.80 6.43
Average---6~91 7.11 - 7.14- 5.917~()7-"6:83
12---- --·-:30-90·-300'.;*'~ -·X 8.34 8.126~77-('-.03-6-:58'----u7
C 7.88 7.44 6.63 5.06 6.32 6.67
B 7.08 6.63 6.44 4.46 5.81 6.08
Average--7.77---7.40--6.6C-5.18-6."24"" 6.64
* A~erag;~---of4-repi~tio~S:------------"~--~------------,.-
•• Potash (K,O) applied at rate of 60 Ibs. per acre after 1948.
*** 240 lbs. per acre K:?O applied annually aH sidedressing.
M Muriate (K el) used as potash source.






Table 13-Per Cent Calcium Oxide (CaO) of the Flyings (X), Lugs (C), and
Tan Leaf (BF) Grades of Tobacco Grown in the High-Ferti!izer
Series 1948-1952':..
Pounds per acre 5-yr.
N-P,O,-K20 Grade 1948 1949 1950 1951 1!J5_2__.3-,!e.
---·-----------1-o-o--9~6=-60------X-- --8.23-------s:-23-8~34- 7.67 6.97 7.89
C 8.03 7.64 8.03 6.96 7.25 7.58
B 7.30 7.19 7.56 6.41 6.88 7.07
Average--7.85---7.69 --~98 --i'-m- '7.04-7:51
100-90-300----X---- -7.7-2--7'-88--- 7"]3-13.69-5.72- 7.07
C 7.30 7.22 6.91 5.76 5.61 6.56
B 6.80 6.59 6.35 5.06 5.84 6.13
______ J\verage 7.27 7.23- 6.86---5:84-~~-6.59
100-180-300 X 7.46-6.84--7.32 6.30 6.10 6.80
C 7.19 6.72 6.80 5.70 5.89 6.46
B 6.56 6.51 6.44 5.11 5.86 6.10
Average- -7~07 6-:69--6.85T70-5.95~5
{00=9iY-60** -------X ---- 8.21--8.69-8~5~7-.~-6.96- 7.95
C 8.41 7.56 8.14 6.62 6.94 7.53
B 7.53 7.19 7.70 6.16 7.11 7.14
Average--S:-05-'7.lil ----s.i3-- 6.90-7:00----rr.54
5-----100-180-300--X ---7~6.~7:~5.44 5.93 6.47
10 T. Manure C 7.05 6.35 6.24 5.61 5.90 6.23
B 6.69 5.58 6.31 5.02 5.64 5.85
_-Average- _'I:()~2_06:53-5-:36- 5.82---U8
X 8.45 8.09 8.59 7.85 7.11 8.02
C 8.26 7.89 7.93 7.09 7.08 7.65
B 7.40 7.50 7.53 6.30 6.66 7.08








A vel'ages of 4 replications.
** Enough muriate of pota8h applied to supply 20 lbs. per acre chlorine.
Chlorine
Chlorine is not considered to be one of the necessary growth
elements. However, it is readily taken up by the tobacco plant
when present in the soil. An excess of chlorine in tobacco has long
been deemed undesirable due to its adverse effect upon "burn"
and to its impartation of hygroscopic properties, rendering the
leaf more difficult to cure. Chlorine occurs in relatively large
amounts in some farm manures and in some fertilizer salts, the
principal one of the latter being muriate of potash. Tables 14 and
15 show the chlorine percentages of tobacco grown with the
various fertilizer treatments of the Potash Series and the High-
Fertilizer Series.
From the data presented in Tables 14 and 15 it is evident that
the important features concerning the effects of fertilizer treat-
ment on chlorine content of the leaf are those of manure and
muriate of potash. Both materials were very efficient in intro-
ducing chlorine into the tobacco plant. When it is considered
that the maximum desired level of chlorine in tobacco is around

















14-Per Cent Chlorine of the Flyings (X), Lugs (C), and Tan Leaf
(BF) Grades of Tobacco Grown In the Potash Series 1948-1952"-.
Pounds per acre 5-yr.
N-Pz05-K,O Grade 1948 1949 1950 1951 1952 ave.
30-90-0 X-O:07- 0.0:f-O:-02-6])6Q04 0.04
C 0.07 0.08 0.02 0.06 0.05 0.06
B 0.06 0.08 0.02 0.10 0.04 0.06
-A verage-~O.07-0:06- 0.02 0.Q7--0.0-4 0.05
30-90-60 X -- 0.09 0.11 0.15 --oJ.Ef-o~040.08
C 0.08 0.06 0.17 0.02 0.04 0.07
B 0.08 0.05 0.23 0.05 0.04 0.09
-Average-O:()S-6.07- 0.18-----0.03---O:O~O.08
30-90-300·X- ·--6.3:1 0.29 0-:06 0.14-0.20--0.20
C 0.26 0.17 0.10 0.14 0.14 0.16
B 0.18 0.17 0.14 0.16 0.16 0.16
-Average- 0.26 o:2i ([io-oT5 0.17----0I7
30-90-540 ·X· -- 0.39 6.59----OT8-0·.54 0.32 ~0~40
C 0.31 0.44 0.22 0.37 0.24 0.32
B 0.23 0.31 0.30 0.39 0.25 0.30
-Average- -0.31- 0.45---o.2S-0.43 -~27-0--:34
30-90-60M --X ·--O~-94·--1.40 0.83 6:88-1.01-1.01
C 0.81 1.02 0.75 0.86 0.89 0.87
~--=B=-- 0.75 0.88 0.75 0.87 0.88 0.83
Average 0.83--1.iO--0!78-0~87-0.93-0.9iJ
o-96~60---- - -------X------6~48- 2.13 0.34 0.78 0.65--0-:-88
10 T. Manure C 0.33 1.27 0.41 0.64 0.53 0.64
B 0.29 1.03 0.70 0.62 0.50 0.63
Average-0.37~-1.48-().48-0~6-8-D.560.72
0-90-300 -X--()~6 1.85 0.50 1.06 O~O- 0.97
10 T. Manure C 0.51 1.29 0.63 0.86 0.70 0.80
B 0.44 1.08 0.81 0.90 0.70 0.79
Average ~0.54 1:4-1-0.65--0.94 0.73 0.85
0-90-540 _·-X - 0.94 2.25 0.38 1.20 0.81 1.12
10 T. Manure C 0.80 1.59 0.44 0.96 0.74 0.91
B 0.71 1.39 0.61 0.96 0.70 0.87
-A~~age~O~82TI4-0.48--i.i:J.<l-T75-6.97
--0-90-60 M X 1.57 2.76 1.23-f,6S- 1-:49-1.75
10 T. Manure C 1.36 2.00 1.22 1.40 1.31 1.46
B 1.14 1.68 1.33 1.43 1.24 1.36
Tverage--1.36 --2Tg--J:26-1.50-1.35--I52
;30=90-60S X ---b.06 0.04 0.04 0.03 0.04 0.04
C 0.04 0.00 0.04 0.03 0.03 0.03
B 0.05 0.00 0.05 0.03 0.04 0.03
Average--0.05 - - 0.01 0.04 0.03---o.bT-o.03
:1O-90-540** X· ~ 0.06 0.03 0.03 0.04 0.10
C 0.28 0.01 0.03 0.04 0.04 0.08
B 0.22 0.02 0.04 0.07 0.03 0.08
Average~-<J:29-· O.03-0.oT-o.OS- 0.04----0.09
30=90-300*** X 0.18 0.45 0.21 O~22---0.18-0-:-25
C 0.14 0.26 0.14 0.12 0.14 0.16
B 0.12 0.16 0.16 0.17 0.12 0.15
.A.v~raie 0.15-0.29- 0.17 037-6350.19
Averages of 4 replications.
•• Potash (K.,O) applied at rate of 60 lbs. per acre after ]!)4g.
240 Ibs. pe;' acre K:t0 applied annuallY as :-;ide(h·e:-;sing.
M Muriate fK CI) used as potash sOUI'ce.
S 555 Ibs. per acre :mlf'ur applied in H)48. 1949, and U150.
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r'muriate of potash must be used judiciously if the proper level of
this element in tobacco is to be maintained. In Treatment 9 of the
[ Potash Series, where both manure and muriate were used, the
: chlorine content of tobacco averaged approximately three times
the desired maximum amount. In all cases where either muriate
or manure was applied, the resulting average chlorine content of
tobacco exceeded the desired tolerance limit. Inasmuch as sulfate
of potash usually contains around two per cent chlorine as an im-
purity, the data in Table 14 show a gradual increase in chlorine
content of cured tobacco as the amount of the sulfate form applied
was increased. Such increases were so small, however, as to be
of no practical consequence.
Table 15-Per Cent Chlorine of the Flyings (X), Lugs (C), and Tan Leaf




Grade 1948 1949 1950 1951 1952 ave.
X 0.04 0.08 0.00 0.M--6.oo- 0.0-3
C 0.03 0.04 0.00 0.04 0.01 0.02
B 0.03 0.07 0.00 0.04 0.01 0.02
_~v~'ag!l_ 0.03 0.06 0.00 ---O:~O:Ol- 0.02
100-90-;100 X 0.11-o~i2-(G)7-oTi---o.I2------0:I2
C 0.10 0.10 0.04 0.11 0.08 0.09
B 0.08 0.09 0.06 0.14 0.06 0.07
Averag'~ 0.10o.1(j--- 0.06---(j.14 0.09 0.10
100-180-300 X 0.15 0.25 0.08 -T1.8--6J.Y-0.16
C 0.10 0.17 0.07 0.12 0.10 0.11
B 0.11 0.16 0.08 0.14 0.11 0.12
AY!l~aK~~~(j-:I2-0j9 O-:og--0.15-- 0.12 0.13
100-90-60** X 0.25-0.13 0:19--().20 -·().25- 0.20
C 0.18 0.09 0.15 0.16 0.21 0.16
B 0.18 0.12 0.15 0.17 0.22 0.17
-Average-----().20-0.11 0.160:1.-8 -6:23-0.18
100-180-300 X 0.56 1.10. 0.22---0.56 o:5!- 0.59
10 T. Manure C 0.49 0.93 0.25 0.46 0.46 0.52
B 0.47 1.08 0.34 0.51 0.48 0.58
~verage 0.51 1.03 0.27-0~5f-6A8 --0.56
X 0.04 0.03 0.02----0.04 - 0.02-6.03
C 0.02 0.02 0.01 0.02 0.01 0.02
B 0.05 0.02 0.01 0.04 0.01 0.03











Averages of 4 replications.
** Enough muriate of potash applied to supply 20 lbs. pel~ acre chlorine.
Burning Properties
An obviously important characteristic of tobacco used for
smoking is its ability to burn or to hold fire. Certain chemical con-
stituents of the tobacco leaf, which can be manipulated to some
degree by fertilization practices, have been found to influence its
combustibility. The findings of many investigators indicate that
a high potash content is conducive to good burning tobacco (2) (9)
29
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(10); whereas, chlorine (2) (7), sulfur (12), and nitrogen (1)
(13) are detrimental to "burn". It was of particular interest to
determine the relative burning ability of tobacco grown at the
various fertility levels represented in the Potash and High-
Fertilizer Series. The data obtained are presented in Tables 16
and 17.
It is apparent from data in Table 16 that the better burning
tobaccos were produced with high rates of potash without manure.
The fire-holding capacity was especially poor in all years in tobacco
where no potash was used. While it has been shown that manure
was very efficient in supplying potash to the tobacco plant, its
effects on improvement of burning properties were only moderate.
This is perhaps due to a great extent to the additional ability of
manure to supply chlorine which tends to neutralize the desirable
effects of potash upon leaf burn. Hence, with opposing tendencies
of potash and chlorine to respectively improve or to retard burn,
the average burning· capacity was similar for all three rates of
sulfate of potash applied in conjunction with manure. Relatively
poor burning tobacco was obtained in all cases where muriate of
potash was applied as the potash source.
The residual effects of a large amount of potash applied to
Treatment 11 in 1948 were apparent to some degree in all suc-
ceeding years. Especially in 1949, one year after its application,
its effects were so outstanding as to produce the best burning
tobacco recorded for any treatment in any year. The latter fact
could well be due to the large residual potash reserve present in
the soil the first year after application, coupled with the probable
leaching of the unfavorable sulfate ion.
Sulfur applied to Treatment 10 was detrimental to the burn-
ing ability of tobacco in all years.
Generally speaking, tobacco had better burning quality in the
more moist growing seasons than in the dry seasons. This was
particularly true of the 1949 crop and it essentially agrees with
the statements of McMurtrey, et al. (9) who found that irrigated
tobacco burned better than unirrigated.
Considering five-year average results, burning properties of
tobacco grown in the High-Fertilizer Series were poor for all
treatments. Although there was some improvement in "burn"
given by the 300-pound potash rate over the 60-pound rate, factors
other than potash prevented any of the tobacco from burning very
well. Since other investigators have shown that excessive nitrogen
is damaging to the burning quality of tobacco, it appears plausible
that the high amounts of chemical nitrogen applied in this series
in addition to that supplied by the leguminous cover crop, tended
to nullify the desirable effects that potash could otherwise be ex-
pected to have upon "burn". This also could be true in the Potash
Series to the extent of the ability of the leguminous cover crop to
supply nitrogen.
Table 16-Fire-Holding Capacity (Seconds) of the Flyings (X), Lugs (C),
and Tan Leaf (BF) Grades of Tobacco Grown in the Potash Series
1948-1952"·.
Pounds per acre 5-yr.
N-P,05-K,O Grade 1948 1949 1950 1951 1952 ave._. ,---------
;10-90-0 X 0.3 2.5 2.3 1.1 3.4 1.9
C 0.3 2.4 2.0 0.8 2.9 1.7
B 0.1 1.5 1.1 0.3 1.9 1.0
A ver-age----- 0:2-- --2.1 - --1~~:=-=-~6!7-----2!i-'----iIi
:W-90-60~-X- 0.7 6.2 5.8 2.2 3.6 3.7
C 0.4 5.5 4.2 1.4 3.2 2.9
B 0.4 3.1 1.9 0.7 2.6 1.7
.. __ Aver3:ge----O:5~-4:-9- - 4.0 1.4 3.1 2.8
:30-90-300 _.---X 4.8 24.9 12.2 4.6 6.0 10.5
C 3~ 24~ 7~ 3~ 4~ 8~
B 1.7 12.9 1.9 2.0 2.8 4.3
Average 3.4 20.7~'f.2- -~ 4.5 7.9
X 4.6 23.3 11.4 5.8 5.3 10.1
C 4.3 16.4 6.1 3.9 4.5 7.0
B 1.9 8.0 1.7 1.9 3.2 3.3
Average 3:615-:9-- 6.43~·---.r.s--6:8
30-90-60M -- X --0 -()~7- --3:2-- 2:3 1.1 2.4 1.9
C 0.7 3.7 1.9 0.7 2.2 1.8
B 0.2 2.5 0.6 0.2 1.5 1.0
Average-----0:5- -3.1-- 1:6-- 0:7 2.0 1.6
0-90-60---X--~-------g:7-i1.5 4.4 5.3 6.7
10 T. Manure C 2.5 11.6 5.4 2.2 4.0 5.1
B 1.5 5.0 1.3 0.7 3.2 2.3
____ Average 2.2 8.8 6~1---2A------:r.-2-- 4.7
7 0-90-300 -----_·x ---Z:ij-1().9 11.1 2.i-2~9-6.0
10 T. Manure C 1.8 11.2 5.4 2.1 2.3 4.6
B 2.7 4.6 1.1 0.5 2.3 2.2
-A~era.g-e-----2:4-- --8:9--- 5.9--f:8--~-TI
0-90-540 X 2.9 11.0 9.1 3.1 6.1 6.4
10 T. Manure C 2.0 8.2 2.9 2.3 5.0 4.1
B 1.2 3.2 0.6 0.6 2.8 1.7
-Average--~-2.0 7.5'[2-2.0 4.6 4.1
0-90-601\1:--. X -- 1.0 5.4 6.2 2.2 1:9 3.3
10 T. Manure C 1.0 8.8 4.5 2.0 2.2 3.7
B 0.9 3.8 1.3 0.8 1.7 1.7
-Average ------"i])- 5.8 4.0 1.7 1.9 2.9
30-90-60S-- -·-X - ----o-.8--i"B- 3.1 1.6 3.8 2.2
C 0.5 1.2 2.4 1.0 3.2 1.7
B 0.2 0.9 1.0 0.4 3.0 1.1
___ Average---O:5 -- 1.3 T2---1.0 3.3 1.7
30-90-540**- -00X -- 0-6.6""0 29.5 -~---3:~5----10]l
C 4.7 25.1 3.9 2.0 4.3 8.0
B 1.8 11.3 1.1 1.5 3.1 3.8
-Average-~-,i:4-22:() --T2- T3--4.0~ -- 7.4
30-90-:300*** X 2.5 20:5-~- 4.4-----s:4--g:o
C 2.6 18.6 5.1 3.2 4.3 6.8
B 1.5 10.9 2.1 1.3 3.6 3.9
__ ._____ Average-2:2 --iif.7--4.S--S:0---4.4 6.2
~-A~v-er-ages of 4 replicatiC:;ns. _.,----------"--- --
Potash (K:l0) applied at rate of 60 Ibs. per acre after
u'" 240 lbs. per acre K.,O applied annually as sidedressing.
Muriate (K en used as potash sOUI'ce.



















Table 17-Fire-Holding Capacity (Seconds) of the Flyings (X), Lugs (C),










Grade 1948 1949 1950 1951 1952 ave.
X 1.1 5.0-3.5--~- 3.7 3.2
C 0.7 4.3 2.3 1.8 3.1 2.4
B 0.4 2.0 0.8 1.1 2.3 1.3
Average- 0.7 :3:8- -2.2 -1Jj-- 3:0---2]
--100-90-300 --X--- 2.5- 10.3- -7.0 --4.2 3.7---5-:5
C 1.3 7.0 4.5 2.8 3.2 3.8
B 0.5 2.5 1.7 1.5 2.3 1.7
Average-l.4---T6- 4.4 2.8 --3r- 3.7
3- - -100-180-3()O---X--- 2.2 -8.8-- 7T--2.8--2.5 4.7
C O.!J 5.0 3.8 2.1 1.9 2.7
B 0.4 1,;3 1.2 1.0 1.1 1.0
Average--i.2 5.0-- 4.0 2.0 1.8 2.8-r ---10()=90~-60**--X----0:S 5.2 2.6-2.1--2])-2-:6
C 0.3 4.1 2.1 1.6 2.4 2.1
B 0.1 1.5 0.9 0.9 1.4 1.0
-- -__ _ _ _ Average---0Y---3~(f--1.9 ---1:5---2-:1---1.9
5 100-180-300-- X --1:4 5.99.0--5.2--3.0- -4~9
10 T. Manure C 0.8 4.0 4.4 :3.2 2.8 3.0
B 0.2 1.2 1.2 1.2 1.9 1.1
Avenl,ge- 0.8:3.7- 4~9--3~2---2.6---3.0
-6----- -60~90-60--x----ill- 7.0 4~f-:D-- 3.6 -3.9
C 0.8 5.2 2.8 2.0 3.0 2.8
B 0.1 2.6 0.8 1.2 2.2 1.4-_.~-_.__ ._-_._--.__ .._._-- ----._---.---
__ Average __ 0.7__ 4.!J. __ ~,(j__ 2.1 2...!J. _~
2
••
Averages of 4 replications.
Enough muriate of potash applied to supply 20 Ibs. per" acre chlorine .
ACRE VALUE
From the point of view of the tobacco grower, the current per
acre return in terms of dollars is of the greatest immediate interest
in producing the crop. While such a determined value may be in-
dicative of the true worth of the crop for various manufacturing
purposes, market fluctuations and Government support prices to
some extent may mask important differences in tobacco grown and
compared under diverse environmental conditions such as in the
fertilizer series here reported. The compilation of current acre
values, however, is eonsidered to be one of the best ways of evalu-
ating the tobacco erop. Data concerning acre value in dollars for
tobacco grown in the two series are listed in Table 18.
Another useful method in evaluating tobacco for comparison
is by use of the so-called crop index system. A crop index value is
determined by multiplying the acre yield in pounds by the grade
index of tobaceo grown on a partieular plot and is equivalent to
acre value for purposes of comparison among treatments. Since
crop index values for tobacco grown in these fertilizer tests (Table
19) represent acre values under a free marketing system, it is
possible that any differences therein may be more accurate than
where current acre returns in terms of dollars is used as a standard
of measure.
Similar trends are shown in the Potash Series for dollar-acre
values and crop index values according to fertilizer treatment.
Highly significant gains were realized by both methods of evalua-
tion by using up to 300 pounds potash per acre without manure.
With one exception there were no significant differences between
the average values given by the manured treatments, regardless of
the amount of potash applied in conjunction therewith. This one
exception was that ten tons manure with 300 pounds potash as
sulfate gave a significantly higher average crop index value than
the similarly manured treatment which received 60 pounds potash
in the muriate form. No treatment in this series that received
chemical fertilizers exclusively produced tobacco with as high
acre value, using either means of measurement, as any treatment
receiving 10 tons manure.
Table 18-Fertilizer Treatmcnts and Acrc Valuc (Dallal» of Tobacco Grown
in Fertilizer Tests 1948-1952.
Potash Series
Tmt. Pounds per acre 5-yr.
No. N-P,O,-K,O 1948 1949 1950 1951 1952 ave.
----------------
1 30-90-0 660 446 671 587 399 553
2 30-90-60 799 598 1191 831 662 816
3 :~0-90-300 931 ()9:~ 1148 987 874 927
4 :10-90-540 952 704 1209 1024 848 947
5 :30-90-60 M 837 577 979 815 628 767
6 0-90-60 + 10 tons manure 924 801 1217 1099 1000 1008
7 0-90-:100+ 10 tons manure 1000 829 1231 1131 977 1034
8 0-90-540 + 10 tons manure 1025 837 1123 1173 970 1026
9 0-90-60 M + 10 tons manure 9:l6 774 1189 1100 946 989
10 30-90-60 S 750 489 542 751 556 618
11 30-90-540* 974 707 1123 910 666 876
12 30-90-:100** 917 (;84 1069 980 807 891
L.S.D. (.05) 101 88 146 74 104 46
L.S.D. (.01) 136 118 196 100 139 60
M Muriate (K CI) used as potash source.
S 555 Ibs. sulfur pel' acre applied in 1948. 1949, and 1950.
Potash (K:!O) applied at rate of 60 Ibs. pel' acre after 194H.
** 240 1bs. pel' acre K.,O applied as sidedressing. All K"O above 60 lhs. in other treatments
broadcast. - -
High-Fertilizer Series /1
1 100-90-60 942 796 1186 963 612 900
2 100-90-300 1011 872 1358 1139 768 1030
3 100-180-300 918 928 1302 1116 759 1005
4 100-90-60 /2 915 753 1155 979 523 865
5 100-180-:100 + 10 tons manure 1047 989 1407 1375 863 1136
6 60-90-60 885 732 1197 967 593 875
L.S.D. (.05) 135 73 ------112 89 119 45
L.~.I:J.j.Ol) NS 101 155 124 165 60
------------ ----_ .._---
/1 :10-90·GOplaced in row. All other phosphate and potash broadcast. Nitrogen sidedressed.



















Table 19-Fertilizer Treatments and Crop Inc!ex Valul'S of Tobacco Grown























0-90-60 + 10 tons manure
0-90-300 + 10 tons manure
0-90-540 + 10 tons manure
0-90-60 M + 10 tons manure
30-90-60 S
30-90-540*













































































M Muriate (K el) used as source of potash.
S 555 lbs. sulfur pel' acre applied in 1948, 1949, and 1950.
Potash (K.,O) applied at rate of 60 Ibs. per acre after 1948.
** 240 Ibs. p~r acre K:.:Oapplied as Hidelh"essing. All K:.!Oabove (iO Ihs. in other treatments
brondl'fist.
High-Fertilizer Series 1
1 100-90-60 1070 986 1309
2 100-90-300 1243 1157 1790
3 100-180-300 113:1 1279 1757
4 100-90-60 /2 1047 904 1316
5 100-180-300 + 10 tons manure 1350 1:359 1869
6 60-90-60 1019 901 1438~-_ ..-.-._.-._ ..__ .. __ ..__ . __ ... - - .. --
L.S.D. (.05) 254 141 200

























/1 30-90-60 placed in row. All other phosphate and potash broadcast. Nitrogen Hidedressed.
/2 Enough muriate of potaRh included to supply 20 lbs. per acre of chlorine.
When manure was not included in the treatment, sulfate of
potash (Tmt. 2) was a significantly better source than muriate
(Tmt. 5) in both dollar and crop index average values. The same
tendency was manifested, but not to the point of significance,
when this comparison was made with manure.
The residual effects of 540 pounds potash in Treatment 11 in
1948 were sufficient to produce a highly significant average in-
crease in the acre value of tobacco over Treatment 2, which received
60 pounds potash annually without the large initial application.
This improvement in acre value was due almost totally to quality
rather than to yield as has been shown.
Acre values and crop index evaluations given by broadcasting
most of the potash were slightly higher than where an identical
amount of potash was sidedressed, but the differences were not
significant.
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Sulfur, applied to Treatment 10 in the first three years of the
experiment, reduced both yield and quality of tobacco to the extent
that the actual market value of tobacco grown with this treatment
averaged approximately two hundred dollars less per year than
where the sulfur was omitted.
In the High-Fertilizer Series, 300 pounds potash gave highly
significant increases over the 60-pound rate in both dollar and crop
index values. No apparent benefit in acre value was obtained by
increasing phosphate (P:!O,J from 90 to 180 pounds per acre. The
addition of 20 pounds chlorine was ineffective. Ten tons manure
in addition to the maximum amounts of nitrogen, phosphate, and
potash produced tobacco of highly significantly greater average
value than any other treatment in this series. Results were similar
for 60 and 100 pounds nitrogen.
DISCUSSION OF RESULTS
In considering the fertilization of burley tobacco in Tennessee,
it has been customary to give major attention only to nitrogen,
phosphate, and potash. At least nine other elements that plants
absorb from soils are known to be necessary for plant growth.
These are calcium, magnesium, sulfur, iron, manganese, copper,
boron, zinc, and molybdenum. Although it is consistent with good
soil management in this area to apply lime, which supplies calcium
and magnesium to the soil, deficiencies of fertilizer materials other
than nitrogen, phosphate, and potash have presented no great
problem in tobacco production. Only small quantities of iron,
manganese, copper, boron, zinc, and molybdenum are needed by
plants. The latter elements evidently occur in the soils of the
burley area in quantities adequate to meet the needs of tobacco.
Some of these elements are also added in commercial fertilizers
where they are present either as impurities or in chemical combi-
nation with the three primary constituents, nitrogen, phosphate,
and potash. Farm manures may contain some or all of the elements
necessary for plants. In light of the fact that many tobacco growers
use manure in their fertilization program, deficiencies of the so-
called secondary and minor elements are not likely to be critical in
producing burley tobacco for some time.
EFFECTS OF POTASH
The potash requirement of tobacco is high in comparison with
most other farm crops. Enough potash must be present to assure
satisfactory yields; but the effects of potash on tobacco are
frequently greater in regard to quality than to yield. Since the
principal demand for burley tobacco is for the best grades, it is
obviously desirable that growers strive for production of the highest
quality leaf obtainable under their respective growing conditions.
This can be accomplished to a great extent by assuring that soils
on which tobacco is planted contain an abundance of available pot-
ash.
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Figure I.-Tobacco leaves showing three successive stages of potash deficiency
sympton,s (left) as compared with leaf grown with sufficient pot-
ash (right). Note apparent increased susceptibility to attack by
leaf-spot organisms and chlorosis, and firing of leaf tips and
margins of potash-deficient leave.
Figure 2.-Tobacco grown without potash in the fertilizer. Note poor growth
and chlorosis, and scorching of lower and middle leaves on many
of the plants. Potash Series, Treatment 1, 1949 crop.
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Figure 3.-Tobacco grown with 60 pounds potash (K,O) per acre. Note in-
crease in plant vigor and lack of potash deficiency symptoms as
shown in Figure 2. Potash Series, Treatment 2, 1949 crop.
'A
4.-Tobacco grown with 540 pounds potash (K,O) per acre. ote good
growth and smoothness of leaf. Potash Series, Treatment 4,
1949 crop.
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5.-Tobacco grown with 300 pounds potash (K,O) and 10 tons manure
per acre. Note lack of fertilizer nutrient deficiency symptoms and
smoothness of leaf. Potash Series, Treatment 7, 1949 crop.
5
G.-Tobacco grown without potash. ote poor growth and destruction
of lower leaves by wildfire. Potash Series, Treatment 1, 1951 crop.
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5
Figure 7.-Tohacco grown with 540 pounds potash (K,O) and 10 tons manure
per acre. ote better growth and freedom from wildfire infection
as compared with Figure 6. Potash Series, Treatment 8, 1951 crop.
Figure 8.-Tobacco grown with 100 pounds nitrogen, 180 pounds phosphate
(P,O.), and 300 pounds potash (K,O) per acre. Note extremely
vigorous growth and coarseness of leaf. High-Fertilizer Series,
Treatment 3, 1949 crop.
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When grown with insufficient potash the tobacco plant shows
characteristic abnormal symptoms, the severity of which depends
upon the extent to which available potash is lacking in the growing
medium. In the early stages of potash deficiency the leaves curl
under slightly at the edges and take on a dark green or slightly
bluish cast. Later, the leaves become mottled with yellow near
the tips and margins. As the deficiency progresses the centers
of the mottled areas die. In severe cases the dead areas may
coalesce and fall out, giving the leaf a ragged, rim bound appearance.
The latter condition is essentially shown in Figures 1 and 6. In
the no-potash treatmrnt of the Potash Series, potash deficiency
symptoms become more pronounced from year to year as the re-
sidual soil potash became depleted. Such manifestations were es-
pecially severe in the last three cropping years. Tobacco grown
with 60 pounds potash per acre showed rather mild potash de-
ficiency symptoms at one or more stages of growth in all years. No
such deficiencies were ever noted in treatments receiving either
the higher rates of potash or manure.
Under some conditions the use of potash in liberal amounts
tends partially to control some of the tobacco leaf-spot diseases in-
cluding wildfire which is very troublesome in Tennessee in some
years. Several investigators in other areas (10), (11), have noted
the effectiveness of potash in suppressing leaf-spot infections on
tobacco. When weather conditions favor the development of leaf-
spot diseases it is thought that the physiological breakdown in the
leaf due to potash deficiency allows bacteria more readily to enter
the plant tissues. Whatever the actual situation is, it has been
frequently observed that field-grown tobacco supplied with
abundant potash suffers much less from leaf-spot diseases than
when the potash supply is low. Soon after transplanting in the
1951 season weather conditions were such that practically all
plants in tests here reported became severely infected with wild-
fire. As the seasen progressed, plants which had received no
potash lost many cf their lower lE'aves from the wildfire attack
(Figure 6). Plants well supplied with potash showed little sign of
infection (Figu"e 7). The sam" condition obtained to a serious but
somewhat lesser extent in 1952.
Potash deficiency symptoms on tobacco are not now as often
observed in farmers' fields as was true several years ago. This
has come about through growers' better knowledge of the fertilizer
needs of the tobacco crop, and through the availability of more
adequate fertilizer analyses, and supplies on the market. Occasion-
ally, however, a field of tobacco is found in which the lack of pot-
ash is very evident. This situation is sometimes brought about by
planting tobacco following a crop of high potash requirement, such
as alfalfa, and not considering that the soil is greatly depleted of
potash when applying fertilizer to the tobacco. In such cases






addition to the quantity directly needed by the tobacco crop.
Where visual potash deficiencies occur, a somewhat extreme lack
of this nutrient is represented, and many instances undoubtedly
exist where additional potash could be used to advantage in im-
proving tobacco quality where such symptoms are not present.
In order to illustrate more clearly the effects of potash on
burley tobacco, Table 20 is presented which shows some of the
more important relationships found in the two fertilizer series
under consideration. Results shown in this table emphasize the
necessity of an abundance of available potash in the soil if a satis-
factory crop of tobacco is to be produced. While only moderate in-
creases in yield were obtained by applying more than 60 pounds
potash, fairly remarkable improvements were made in tobacco
quality aspects and in acre value by using up to 300 pounds potash
per acre.
When the increments of potash used in the Potash Series were
applied along with 10 tons manure (Table 21), comparatively little
difference was noted in the results obtained other than for the
chlorine content and the fire-holding capacity. From the data pre-
sented it is evident that both manure and muriate of potash will
supply relatively large amounts of chlorine to the tobacco plant.
It is generally stated that the burley leaf should not contain over
0.50 per cent chlorine to be most acceptable for cigarette manu-
f-acture. Since either manure or muriate of potash may supply too
much chlorine, growers usually are cautioned to refrain from using
muriate at all and to use only moderate amounts of manure on
their tobacco.
With the exception of the undesirable property of supplying
excessive chlorine, manure is extremely beneficial to tobacco. The
addition of organic materials such as manure to the soil improves
soil structure and enhances desirable air and moisture relations
between soil and plant. Therefore, a considerable portion of the
benefits derived from using manure as fertilizer material is un-
doubtedly due to its physical effects as well as to its content of
fertilizer nutrients. Table 22 shows that manured treatments were
generally superior to otherwise comparable treatments that re-
ceived only chemical fertilizers. Comparisons in this table for the
Potash Series are not strictly valid inasmuch as manured treat-
ments received no chemical nitrogen, but it is evident that manure
was very effective in bringing about decided improvements in
yield, value, and most quality attributes of tobacco. This was
especially true when only 60 pounds potash was used per acre.
Since much burley tobacco is grown on comparatively small indi-
vidual allotments and on farms where manure is available, the
results presented here should confirm to some extent the general
observation that many burley growers find it profitable to use
manure on their tobacco lands.














Table 20-Average Effects of Potash on Tobacco.
Potash Series
(Increase over no potash)
Smoking _grades _~ ______
Potash Yield Value Fire
Ibs. Ibs. per Lbs. holding
Tmt. per per 100 Acre per Percent Percent capacity
No. acre acre Ibs. Value Percent acre potash chlorine (sec.)
- -~-_.._-----
2 60 251 $9.49 $26:1 19.:1 431 0.99 0.03 1.3
3 300 3:12 18.79 :174 25.6 585 3.16 0.12 6.4
4 540 368 13.74 :194 27.6 648 8.96 0.29 5.3
5 60 M 209 8.0:1 214 16.8 358 0.83 0.85 0.1
L.S.D. (.05) 64 1.18 46 8.9 81




(Differences between potash rates)
55.09 1030 71.2 145:1 3.45






























6 60 1772 $56.80
7 300 1821 56.63
8 540 1886 55.85
9 60 M 1786 55.:1'1--_ .._ ... _-~ .._---





75.3 13:15 4.59 0.72 4.7
76.7 1897 5.:11 0.85 4.3
76.0 1395 5.54 0.97 4.1
n.8 1317 4.57 1.52 2.9
----------------
3.9 8146
M Muriate m~ed as potash HOUl'Ce.
effects of potash, it is desirable to examine briefly the economic
aspects of the use of this fertilizer material on tobacco. Table 23
summarizes some of the important features in regard to the profit-
ableness of applying potash to tobacco, as found in these investiga-
tions. From the data presented in Table 23 it seems clear that on
soils where potash is needed, money invested in this material
for tobacco may be returned many fold. Very little profit was made
by using more than 300 pounds potash, but it is indicated that
burley tobacco growers can expect profitable returns by ensuring
that their tobacco soils contain at least the latter amount of avail-
able potash per acre.
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Ferti- Yield Value Per- Per- hold-
lizer Ih•. per Lb •. cent cent ing
Tmt. N-P,O.;- per 100 Acre Per- per pot- chlo- ca,paci-




10 T. manure 1772 $56.80 $1008 75.8 1885 4.59 0.72 4.7
30-90-60 1582 5 \.47 816 69.0 1100 2.19 0.08 2.8
---- --------------'- .. -,-------_. -- --- ---_. --




10 T. manure 1821 56.68 10:14 76.7 1897 5.:n 0.85 \.3
30-90-300 166:J 55.77 B27 75.:J 1254 4.:J6 0.17 7.9------------
Difference 158 0.86 107 1.4 14:J 0.95 0.68 -3.6
0-90·540
10 T. manure 18:J6 55.85 1026 76.0 1895 5.54 0.97 4.1
30-90-540 1699 55.72 \l47 77.8 1817 5.16 0.34 6.8
.'-'-- -- -- ----_.,'-- ---------
Difference 137 0.1:J 79 -1.8 78 0.:J8 0.6:J -2.7
._-----_._---- --_ ..------ --_ .. _----- ---- -------
0-90-60 M
10 T. manure 1786 55.:n 98!1 n.8 1817 4.57 1.52 2.9
30-90-60 M 1540 50.01 767 66.0 1022 2.0:J 0.90
1.6
-------- --_._'----










11:J6 71.5 1465 4.86 0.56 :J.O
1005 n.o 1:>26 4.01 0.18 2.8
------- ,'---- ------ --_ .. --------
181 -1.5 lan 0.85 0.48 0.2
-------_ .._'- - --- - --Difference :J7\l 0.15
M Muriate used as potash source.






















































































Difference 240- --- --13:-::0---








Two fertilizer experiments with burley tobacco, designated as
the Potash Series and the High-Fertilizer Series, were conducted
over a five-year period in continuous culture. These tests were
located on the Tobacco Experiment Station farm at Greeneville,
Tennessee. The effects of potash and barnyard manure on tobacco
were of particular interest in these tests. Tobacco from all experi-
mental plots was evaluated for yield, various quality aspects, acre
value, burning properties, and chemical analyses to include nicotine,
potash, calcium, and chlorine.
By using up to 300 pounds potash (K:!O) per acre without
manure, significant improvements were obtained in yield, value per
100 pounds, grade index, percentage and yield of smoking grades,
burning properties, crop index, and dollar-acre value of tobacco.
Relatively little response was obtained from potash when used in
addition to 10 tons manure per acre.
When used without manure, muriate and sulfate of potash
were about equally effective in increasing tobacco yields. The
muriate form of potash, however, significantly depressed value per
100 pounds, grade index, crop index, and dollar-acre value as com-
pared with the sulfate form, both sources being applied at the rate
of 60 pounds K:!O per acre.
Both manure and muriate of potash supplied too much chlorine
to tobacco. Growers are therefore cautioned to refrain from using
muriate and to apply only moderate amounts of manure to their
tobacco lands.
Manure used at the rate of 10 tons per acre was very effective
in increasing yields and acre value of tobacco. When used with
the relatively low potash rate of 60 pounds per acre, manure also
improved tobacco quality. At the higher potash rates of 300 and
540 pounds, however, tobacco quality was similar for manured and
unmanured treatments.
Data presented show that the potash content of the cured leaf
can be greatly increased by liberal applications of available potash
to the soil. Manure was very effective in introducing potash into
the tobacco plant.
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When the potash content of tobacco was raised by the addition
of either potash or manure, the calcium content was somewhat
proportionally lowered.
As increasing amounts of potash were supplied to tobacco
there was a tendency toward lower nicotine percentage in the cured
leaf. This may be explained on the basis of dilution since potash
improved yields and is not known to directly affect the nicotine
content of tobacco.
Sulfur applied at the rate of 555 pounds per acre in each of the
first three years of the testing period was exceptionally detrimental
to yield, value, and most quality evaluations made on tobacco.
It is indicated that when tobacco is grown on soils depleted of
potash and when some other potash-supplying material such as
manure is not available, growers may expect to use profitably up
to 300 pounds available potash per acre on their crops.
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